Introduction
Infections of the eye occur in the pediatric population and may present with complaints of eyelid swelling and pain. Expeditious and proper diagnosis is essential because there is potential for significant morbidity and mortality. Periorbital and orbital infections have much in common. We illustrate the similarities and differences of these two clinical entities.
Anatomic Considerations
The orbital septum is a thin membrane separating the superficial eyelid from the deeper orbital structures. This septum forms a potential barrier, preventing infections of the eyelid from penetrating deeper into the orbit. Infection of the soft tissues anterior to the orbital septum is termed periorbital cellulitis and affects the eyelids and adnexa. Infections posterior to the septum include orbital cellulitis, orbital abscess, and subperiosteal abscess. Certain anatomic characteristics of the orbital structures allow extension of infection to adjacent structures. First, the thin orbital septum may be incomplete, thereby risking the spread of periorbital infection to underlying orbital structures. Second, infection may spread from the paranasal sinuses (which surround the orbital cavity on three of the orbit's four walls) through the bone into the orbit. Third, the valveless orbital veins can allow passage of hematogenous infection in both antegrade and retrograde directions (Fig. 1 ).
Epidemiology
Periorbital cellulitis is a bacterial infection of the eyelid and surrounding soft tissues. It is primarily a pediatric disease, occurring mostly in patients younger than 5 years of age, and is almost three times more common than orbital cellulitis. There is no sex predilection.
Orbital bacterial infections can present in all age groups but are seen more often in the pediatric population. In a retrospective analysis of pediatric orbital infections, the average age of affected patients was 6.8 years, ranging from 1 week to 16 years. (1) A 2:1 male predominance has been described. Throughout the world, orbital cellulitis occurs more often in winter months because it is associated closely with paranasal sinus and upper respiratory tract infections. Most cases have a unilateral presentation. (2)(3)
Pathogenesis
Rhinosinusitis, especially ethmoiditis, is by far the most common predisposing factor for pediatric orbital cellulitis. However, periorbital and orbital cellulitis also can result from extension of external ocular infection such as a hordeolum (stye) or dacryocystitis/dacryoadenitis (infection of the lacrimal system); an upper respiratory tract infection, such as complicated rhinosinusitis (Fig. 2) ; a dental abscess (Fig. 3) ; a superficial break in the skin, due either to an infected insect bite, impetigo, acne, eczema, periocular surgery, or direct penetrating injury to the orbit; and hematogenous seeding.
Microbiology
Haemophilus influenzae type b (Hib) historically was one of the pathogens associated most commonly with orbital cellulitis and hematogenously spread periorbital cellulitis. With the advent of the Hib conjugate vaccine in 1985, the incidence of Hib infections has declined significantly. However, Hib still should be considered, particularly in unimmunized or partially immunized children, because invasive Hib disease in children younger than 5 years of age has been reported recently. (4) Streptococcus pneumoniae infections also are on the decline as a result of the routine use of pneumococcal conjugate vaccine. Consequently, the pattern of pathogens responsible for eye infections is evolving.
Currently, Staphylococcus aureus, S epidermidis, and S pyogenes account for approximately 75% of pediatric periorbital infections from which cultures are obtained. 
Clinical Aspects
Unilateral erythema, swelling, warmth, and tenderness of the eyelid can be seen in both periorbital and orbital cellulitis. Fever, systemic signs, and a significant degree of toxicity may be present. Blurred vision, ophthalmoplegia, proptosis, and chemosis help identify orbital cellulitis because they are signs of increased intraorbital pressure, which should not be present in periorbital cellulitis (Fig. 5 ).
Hematogenous spread with periorbital seeding should be considered in children younger than age 3 years who present with systemic signs of illness and rapidly progressive eyelid swelling preceded by a viral upper respiratory tract infection.
When evaluating a child for possible periorbital or orbital cellulitis, a history of past sinus or dental disease, previous eye surgery, and trauma should be explored. It can be challenging to assess the eye. The clinician should begin the examination with the least invasive maneuvers. If there is a large amount of swelling around the eye, it may be necessary to retract the eyelids. If complete examination of the affected eye is not possible, imaging and consultation with an ophthalmologist may be appropriate.
Infection must be differentiated from other causes of eyelid swelling, such as allergic reactions (which usually respond to antihistamine medications), edema due to hypoproteinemia (classically presenting with bilateral eyelid edema and other associated signs of fluid reten- Several other clinical entities belong in the differential diagnosis of proptosis. One is idiopathic inflammation from orbital pseudotumor, which can present with pain, proptosis, local swelling, and conjunctival injection. Patients who have orbital pseudotumor also may have diplopia, visual loss, ptosis, and limited extraocular movements. Radiographic findings demonstrate inflammatory changes and an abnormal mass density of the intraorbital soft tissues. Computed tomography (CT) scan is essential for differentiating orbital pseudotumor from orbital cellulitis because pseudotumor requires corticosteroid administration for treatment. (8) Other disorders that present with proptosis include orbital myositis, Wegener granulomatosis, sarcoidosis, leukemia, Burkitt lymphoma, rhabdomyosarcoma, retinoblastoma, metastatic carcinoma, and histiocytosis. Dysthyroid exophthalmos as a result of endocrine dysfunction also can present with proptosis.
Periorbital cellulitis is diagnosed primarily on clinical findings and does not require routine laboratory or radiologic confirmation, unless the diagnosis is unclear or neurologic involvement is a concern. Wound culture of a purulent drainage site may be helpful if a resistant or unusual pathogen is suspected as well as blood cultures if systemic symptoms are present and hematogenous spread is suspected.
Management
Management of simple periorbital cellulitis usually is empiric and should offer coverage of Staphylococcus and Streptococcus (Table) . Knowledge of local prevalence and characteristics of MRSA should determine the choice of first-line therapy for this organism. No evidence suggests that intravenous antibiotics are better than oral antibiotics in the management of simple periorbital cellulitis (10) in terms of quicker recovery time or prevention of secondary complications. Therefore, the choice of route should be based on general appearance of the patient, ability to take oral medication, compliance, and clinical progression of the disease. The typical length of therapy is 7 to 10 days but ultimately should be guided by symptom resolution. Clinical improvement should be evident within 24 to 48 hours. If expected improvement does not occur, complications or resistant organisms may be present, and consultation with an infectious disease specialist, ophthalmologist, otolaryngologist, and neurosurgeon should be considered. (11) Periorbital cellulitis as a consequence of hematogenous seeding requires inpatient management with parenteral antimicrobial coverage of both gram-positive and gram-negative organisms. Transition to oral antibiotics may be considered once significant improvement has been achieved, for a total 10-to 14-day course. A full septic evaluation must be considered if the patient appears toxic or evidence suggests neurologic involvement.
A high white blood cell count, C-reactive protein value, or erythrocyte sedimentation rate may suggest the diagnosis of orbital cellulitis over the more superficial periorbital cellulitis. However, these studies alone never should be used to make a definitive diagnosis.
The clinician should try to obtain cultures for identification and sensitivity of the pathogens involved. Although blood cultures are obtained to evaluate for bacteremia, a retrospective study from Texas Children's Hospital had only a 7% yield for a positive blood culture in pediatric orbital cellulitis infections associated with sinus disease. Due to the low yield, routine blood cultures are not indicated for patients who lack evidence of bacteremia or systemic illness. Culture of other sites was found to be more successful in identifying an organism. Ocular discharge can be cultured with high yield. Orbital, epidural abscess, and sinus fluid obtained surgically may be positive in more than 90% of cases. (1) Less invasive culture techniques may be helpful, including swabbing of the maxillary or ethmoid sinus aperture, just beneath the turbinates.
Patients who have orbital cellulitis presenting with eyelid swelling, diplopia, reduced visual acuity, abnormal light reflexes, proptosis, or ophthalmoplegia should be admitted for inpatient care. In addition, any patient who appears systemically ill or presents with signs of central nervous system (CNS) involvement such as lethargy, vomiting, headache, seizure, or cranial nerve deficit should be admitted. Finally, any patient for whom it is not possible to examine the eye fully should be monitored as an inpatient.
Ideally, an interdisciplinary team comprised of a pediatric ophthalmologist, pediatric otorhinolaryngologist, and pediatrician should provide inpatient care to patients requiring admission. Medical management with intravenous antibiotics most often is sufficient treatment. Antibiotic therapy should have empiric coverage against staphylococcal and streptococcal species as well as organisms associated with rhinosinusitis. MRSA coverage should be strongly considered. Clindamycin plus a second-or thirdgeneration cephalosporin is a reasonable initial regimen. Orbital cellulitis requires antibiotic therapy for a total of 10 to 14 days. Transitioning from parenteral to oral antibiotics may be considered once significant improvement has been achieved.
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Adjuvant therapies for rhinosinusitis, such as saline nasal irrigation, antihistamines, decongestants, mucolytic agents, and intranasal steroids, currently are not recommended. (11) One small retrospective study (12) reported that intravenous corticosteroids do not appear to affect clinical outcomes adversely and may be beneficial in the treatment of pediatric orbital cellulitis with subperiosteal abscesses. However, corticosteroid therapy may depress the patient's immune response and allow or mask the progression of infection. Future prospective, randomized research is needed to clarify the role of corticosteroids in treating orbital infections.
Contrast-enhanced CT scanning with sagittal, coronal, and axial slices of the orbit and sinuses is the ideal modality for localizing sinus infection and staging the extent of orbital inflammation (Fig. 6) . Indications for CT scan include: 1) eyelid edema that makes complete examination impossible; 2) presence of CNS involvement (such as focal neurologic deficits, seizure, or altered mental status); 3) deteriorating visual acuity or color vision, gross proptosis, or ophthalmoplegia; and 4) clinical deterioration or no improvement after 24 to 48 hours of appropriate treatment. Baseline CT scan should not be performed routinely due to radiation exposure. (3) On CT scan, several changes may be evident in orbital cellulitis, including diffuse fat infiltration, subperiosteal abscess, and true orbital abscesses. Foreign bodies may be detected, depending on the characteristics of the foreign body.
The primary goals of surgical intervention include draining abscesses, releasing pressure on the orbit, and obtaining cultures to guide antimicrobial therapy. Surgical consultants should determine whether surgery is indicated. Possible surgical interventions for orbital cellulitis include sinus surgery, canthotomy, orbital surgery, combined sinus and orbital surgery, and neurosurgery.
Complications and Prognosis
Complications of periorbital cellulitis include local abscess formation, ensuing orbital cellulitis, and intracranial extension of infection.
Recurrent periorbital cellulitis (RPOC) is a clinical condition described as three periorbital infections occurring within 1 year, spaced by at least 1 month of convalescence. This entity should be distinguished from treatment failure due to microbial resistance. The most common causes of RPOC are comparable to those of acute periorbital infection. Other underlying causes must be considered, including atopy, nonbacterial organisms such as herpes simplex (Fig. 7) and atypical mycobacteria, collagen vascular disorders, systemic diseases (such as human immunodeficiency virus infection), intraorbital or paranasal neoplasms, and structural/ anatomical abnormalities (osteomeatal obstruction, abnormal uncinate process). A thorough clinical reassessment and, in some cases, imaging may help elicit the fundamental cause. (13)(14) Although the incidence of orbital cellulitis is low, serious complications are likely if the infection is not treated. Cavernous sinus thrombosis is one such untoward complication. This condition may be challenging to diagnose because it may present similarly to orbital cellulitis or may occur as a consequence of it. Typically, patients who have cavernous sinus thrombosis have acute or slowly progressive proptosis, periorbital edema, and ophthalmoplegia. Loss of vision and meningismus may be late findings.
Both orbital cellulitis and cavernous sinus venous thrombosis can extend and progress to intracranial infections, such as subdural empyema, intracerebral abscess, extradural abscess, and meningitis. These severe complications are associated with high morbidity and sometimes with mortality. Septic emboli of the optic nerve as well as ischemia due to compression may cause visual loss. Magnetic resonance imaging may be of value in determining these circumstances. 
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